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Peroxidation of lipid membranes is implicated in a variety
of damaging pathological everitsConsequently the antioxidant
action ofa-tocopherol (vitamin E), the principal natural lipid-
soluble antioxidant in bloo@continues to be of major interest.
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reactions arisin§from reaction of thex-tocopheroxyl radical
(ArO*) with hydroperoxides formed and with the unsaturated
lipid to continue oxidation chains and regenerate ArOH. This
regeneration of the ArOH radical could cause large effects in
the measurements of antioxidant activities by the IOU method.
These considerations and the unusual behaviarticopherol

in lipoproteic particles, such as LDLindicate the need for an
independent determination of the antioxidant activityoeto-
copherol in membranes.

We now report on a quantitative determination of the
inhibition rate constant for vitamin E in a phospholipid
membrane based upon product studies which avoids complica-
tions due to chain transfer reactions of antioxidant radicals. This
method makes use of the known direct relationship between
the ratio of kinetic to thermodynamic peroxidation products
formed and the hydrogen atom-donating ability of the medium,
e.g., the concentration of the reactive unsaturated lipid in the
uninhibited peroxidation and of the antioxidant in the inhibited
peroxidationt® This method requires two straightforward
product studies. The first one determinesdlsgtransto trans/

The antioxidant activities of synthetic phenols as well as those rans (c.Utt) ratio of hydroperoxides formed by oxidation at
of the vitamin E class are well-documented and interpreted for the 9- and 13-positions of the linoleate (18/2) chain as the

results in homogeneous solution in organic solvéniSuch
determinations made in media which mimic natural biomem-
branes, such as micellésand especially in phospholipid
membranes are more difficult to determine reliably and to

interpret satisfactorily. In particular these heterogeneous aque-
ous media appear to reduce the peroxyl radical trapping activity,

kinn Of eq 1, of vitamin E and analogs by several orders of

kinh

ArOH + LOO" — ArO" + LOOH (1)

magnitude*® Such reductions of antioxidant activities in

aqueous systems were attributed earlier to hydrogen bonding

effects of the aqueous phase acting on the chromanol sysfem.
However, both hydrogen bonding and limiting diffusion between
the antioxidant and peroxyl radicals, especially for vitamin E
in these systems, are factors to consfdemdeed, it was

concluded recently that only a “...small fraction of the observed Ct _

rate diminution can be attributed to hydrogen bonding of
o-tocopherol to water...”

Quantitative determinations of the inhibition rate constants,

kinn, have frequently used the inhibited oxygen uptake (IOU)

method, which requires quantitative measurements of the oxyge

consumed by the substrate during the induction petiédThis

method is subject to complications because of the chain transfer
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membrane concentration of linoleate (LH) is varied. This is
expected to follow a linear relationship as shown in e 2,

ko
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wherek;, is the rate constant for chain propagation of the lipid
membraneks" andks'" are the rate constants fgrscission of
the c,t- and t,t-peroxyl radicals and 1- o represents the
partitioning of the carbon radical betweejt- andt,t-peroxyl
radicalst®

A second determination is made of tleg/t,t ratio in the
presence of known amounts of the antioxidant ArOH whose
kinn is to be measured. In the presence of the antioxidant, eq 3

I(inh kp

ky'(1— o) k' (1

o ﬂlll
k' (1— )
(3)

ncontrols the product ratio since now there are two H-donors in
the medium-the lipid and the antioxidant, ArOH. To apply

eq 3, it is necessary to ensure that both the lipid and the
antioxidant remain constant during the experiment. Typically
less than 5% of the lipid is oxidized in our experiment. We
added an excess of ascorbate and homocysteine to the medium
to keep the antioxidant in the reduced form. Ascorbate is known

to regenerate vitamin E,and homocysteine regenerates ascor-

I
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[ArOH] +
- )

= LH] +
tt ]
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Figure 1. cis/transto trandtrans (c,t/t,t) ratios of geometric isomers Figure 2. cig/transto trandtrans (c,t/t,t) ratios of geometric isomers
formed at the 9- and 13-positions of the linoleate chain versus the formed at the 9- and 13-positions of linoleate for varioutocopherol
concentration of PLPC in the total lipid volume. The amounts of PLPC concentrations in the PLPC lipid volume. The amounts-¢écopherol
ranged from 5.44x 107 to 4.69x 1075 mol. The amounts of DMPC ranged from 0 to 4.4% 1078 mol. The amounts of PLPC ranged from
ranged from 0 to 1.9k 1075 mol. Total lipid volume is calculated as  2.98 x 107°to 3.39x 107> mol. Peroxidations were initiated by DBHN,
the sum of the lipid volume of PLPC and the lipid volume of DMPC, 1.0 x 107® mol, at 37°C in phosphate buffer, pH 7. The error bar, I,
in liters. Peroxidations were initiated by DBHN, 101076 mol, at 37 indicates average errors.

°C in phosphate buffer, pH 7. The error bar, |, indicates average errors. . .
prosp P g The ratio of the slopes from egs 3 and 2 gives a measure of the

antioxidant activity ofu-tocopherol in terms of the ratio of rate

12 i _
bate!? Although the concentration of ascorbate and homocys constantsknk, = 2.81x 1%, This ratio is significantly higher

teine will not remain constant during the run, this does not affect X 2 .
ne wi I uring " I than the value of 1.6% 1(? found in DLPC bilayers earlier by

the results significantly since both ascorbate and homocysteine )

in the aqueous phase are only weak H-donors to peroxyl radicalst® 10U metholl and about 6 times that of the ratig/ky
formed in the lipid phase, under the present experimental ' observed for ther-tocopherol-inhibited peroxidation of linoleate
conditions!3 in micelles at 30°CA° We have recently determined the

The first series of experiments involved product studies from p[?pagatlonlsrate constark, in PLPC bilayers to be 16.6 M
oxidation initiated by diert-butyl hyponitrite (DBHN) of S ‘at37°C.> This provides a calculateghn for a-tocopherol
1-palmitoyl-2-linoleoyiphosphatidylcholine (PLPC) over a 5-fold  in these bilayers of 4.% 10* M~ s™1.1¢ This value is nearly

concentration in 1,2-dimyristoylphosphatidylcholine (DMPC) an order of magnitude higher than that found in DLPC bilayers
bilayers!* The required linear plot of these results (Figure 1) by the IOU method and should better reflect the antioxidant

gives a value from the slope for the rakigks'(1 — o) = 0.41 activity of vitamin E in biological and biomimetic systems.
ML
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